Supplementary Discussion 1-3 Supplementary Equations 1-3 Supplementary Figure 1-2 Supplementary References Solidification structures of nickel based alloys during additive manufacturing are significantly affected by the directions of heat flow and solidification parameters such as temperature gradient and solidification rate at the solid liquid interfaces. Direct measurement of maximum heat flow directions and solidification parameters are difficult due to the movement of the melt pool and the interactions between the powder and the laser beam. A recourse is to use a well-tested comprehensive heat transfer and fluid flow model to calculate temperature fields and melt pool geometries
Supplementary Discussion 1. Heat transfer and fluid flow model of AM

A. Model assumptions
Several simplifying assumptions are made to make the complex, threedimensional, transient calculations tractable. The densities of the solid and liquid metals are assumed to be constant. The surface of the growing layer is assumed to be flat. The loss of alloying elements due to vaporization and its effects on both the heat loss and composition change are not considered in the calculations.
B. Governing equations
The model solves the conservation equations for mass, momentum, and energy in transient three-dimensional form. These equations are available in standard text books [3] and in many of our previous publications [4, 5] . The specific discretization scheme and the solution methodology for transient three dimensional form are also discussed in details in the literature [3, 4] . Spatially non-uniform grids, with finer grid spacing near the axis of the laser beam were used for efficient calculation of variables.
The governing equations were discretized by following a control volume method [3] .
The velocity components and the scalar variables were stored at different locations to enhance the convergence and stability of the computational scheme. At each time step, the three components of velocities and the enthalpy were iterated following a sequence known as the SIMPLE algorithm [3] . The implicit computational scheme adapted is unconditionally stable. The discretized linear equations were solved using a Gaussian elimination technique known as the tri-diagonal matrix algorithm [3] .
C. Computational domain and calculation procedure
The transient heat transfer and fluid flow calculations are performed for a rectangular solution domain representing the substrate, deposited layers, and the surrounding gas shown in Supplementary Fig. 1 . The deposition process is simulated 
D. Boundary conditions and convergence criteria
At the beginning of the simulation, all the cells above the substrate are assigned properties of an inert gas and the initial temperature of the domain is taken as the room temperature (298 K). The variation of all variables across the mid-section longitudinal symmetry plane is set to zero. In the remaining surfaces, heat loss by radiation and convection is applied as boundary conditions for the solution of the enthalpy equation. At the top surface of the melt pool, the velocities arising from the surface tension variation due to temperature gradient are applied for the solution of momentum equations [5, 6] . Velocities are set to be zero at other surfaces since they are solid and the melt pool does not extend there.
At any given time step, the iterations were terminated when two convergence criteria were satisfied. The magnitudes of the residuals of enthalpy and the three components of velocities, and the overall heat balance were checked after every iteration. The largest imbalance of any variable on the two sides of a discretization equation for all interior grid points had to be less than 0.1%. In addition, the overall heat balance criterion required that the sum of the total heat loss from the domain and the heat accumulation had to be almost equal to the heat input into the calculation domain. Their difference had to be less than 0.5% of the heat input for this convergence criterion to be satisfied. The criteria were selected so that the final results were not adversely affected while maintaining computational speed.
Supplementary Discussion 2. Calculation of maximum heat flow directions during AM process.
Directions of heat transfer at the solidification interface can be calculated based on the temperature fields from the heat transfer and fluid flow model. Supplementary 
